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(57) ABSTRACT

A solar cell and a method for manufacturing the same are
disclosed. The solar cell includes a substrate, an emitter
layer at a front surface of the substrate, a first anti-reflection
layer on the emitter layer, a back surface field layer at a back
surface of the substrate, and a second anti-reflection layer on
the back surface field layer. The first anti-reflection layer and
the second anti-reflection layer overlap may each other.

13 Claims, 4 Drawing Sheets
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SOLAR CELL AND METHOD FOR
MANUFACTURING THE SAME

This application claims prionty to and the benefit of
Korean Patent Application No. 10-2010-0093107, filed 1n

the Korean Intellectual Property Oflice on Sep. 27, 2010, the

entire contents ol which are incorporated by reference for all
purposes as 11 set forth herein.

BACKGROUND
Field of the Invention

Exemplary embodiments of the invention relate to a solar
cell and a method for manufacturing the same.

Description of the Related Art

The solar power generation of converting light energy
into electric energy using a photoelectric transformation
cllect has been widely used as a method for obtaining
eco-Inendly energy. A solar power generation system using
a plurality of solar cell panels has been installed 1n houses
due to improvement of photoelectric transformation etlh-
ciency of solar cells.

The solar cell generally includes a substrate and an
emitter layer that forms a p-n junction along with the
substrate, thereby generating an electric current from light
incident on the solar cell through one surface of the sub-
strate. Further, an anti-retlection layer 1s formed on a light
receiving surface of the substrate, so as to reduce a reflec-
tance of light incident on the substrate and increase a light
transmittance of a predetermined wavelength band. Hence,
the photoelectric transformation efliciency of the solar cell
Increases.

Because light 1s generally incident on the solar cell
through only one surface of the substrate, current transior-
mation efliciency of the solar cell 1s low. Accordingly, a
double-sided light receiving solar cell, in which light 1s
incident on the solar cell through both surfaces of the
substrate, has been recently developed.

SUMMARY

In one aspect, a solar cell may include a substrate, an
emitter layer at a front surface of the substrate, a first
anti-reflection layer on the emitter layer, a back surface field
layer at a back surface of the substrate, and a second
anti-reflection layer on the back surface field layer. The first
anti-reflection layer and the second anti-reflection layer may
overlap each other.

The second anti-reflection layer may be at the back
surface, a side surface and an edge of the front surface of the
substrate. The second anti-reflection layer may extend a
distance over the edge of the front surface of the substrate of
equal to or less than about 1 mm.

The back surface field layer may be at the back surface,
the side surface and the edge of the front surface of the
substrate. The second anti-reflection layer may extend a
distance over the edge of the front surface of the substrate at
least as much as a distance the back surface field layer
extends over the edge of the front surface of the substrate.

The edge of the front surface of the substrate may be
covered by the emitter layer or may be not covered by the
emitter layer. The back surface field layer may extend over
the edge of the front surface of the substrate less than a width
of the edge of the front surface of the substrate that i1s not
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covered by the emitter layer. The second anti-reflection layer
may extend over the edge of the front surface of the substrate
about equal to a width of the edge of the front surface of the
substrate that 1s not covered by the emitter layer.

The first anti-reflection layer may be on the second
anti-reflection layer. The first anti-reflection layer may be at
the front surface, the side surface and an edge of the back
surface of the substrate. The first anti-reflection layer may
extend a distance over the edge of the back surface of the
substrate of equal to or less than about 1 mm.

The solar cell may include a plurality of first electrodes
clectrically connected to the emitter layer and may include
a plurality of second electrodes electrically connected to the
back surface field layer.

One or both of the front surface and the back surface of
the substrate may be textured to form a textured surface
having a plurality of uneven portions.

The first anti-reflection layer may include: an upper layer;
and a lower layer between the emaitter layer and the upper
layer. The lower layer may include an aluminum oxide layer
or a thermal oxide layer. The upper layer may include a
silicon nitride layer.

The second anti-reflection layer may include a silicon
nitride layer.

A method for manufacturing a solar cell may include:
forming a back surface field layer at a back surface, a side
surface, and a front surface of a substrate; forming a second
anti-reflection layer on the back surface field layer at the
back surface, the side surface and an edge of the front
surface of the substrate, wherein a portion of the back
surface field layer at the front surface of the substrate 1s
uncovered; removing the uncovered portion of the back
surface field layer; forming an emitter layer at the front
surface of the substrate where the back surface field layer
was removed; and forming a first anti-reflection layer on the
emitter layer.

The first anti-reflection layer may be formed on the
second anti-reflection layer. The first anti-reflection layer
may be formed at the front surface, the side surface and an
edge of the back surface of the substrate.

Betfore the emitter layer and the back surface field layer
are formed, one or both of the front surface and the back
surface of the substrate may be textured to form a textured
surface.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the mvention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the mvention. In the
drawings:

FIG. 1 1s a schematic cross-sectional view of an exem-
plary solar cell;

FIG. 2 1s an enlarged cross-sectional view of a main part
of the solar cell shown 1n FIG. 1; and

FIGS. 3 to 9 are cross-sectional views illustrating an

exemplary method for manufacturing the solar cell shown 1n
FIG. 1.

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

(Ll

The mvention will be described more fully heremnafter
with reference to the accompanying drawings, in which
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example embodiments of the mmventions are shown. This
invention may, however, be embodied 1n many different
forms and should not be construed as limited to the embodi-
ments set forth herein.

In the drawings, the thickness of layers, films, panels,
regions, etc., may be exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion.

It will be understood that when an element such as a layer,
f1lm, region, or substrate is referred to as being “on” another
clement, 1t can be directly on the other element or interven-
ing elements may also be present. In contrast, when an
clement 1s referred to as being “directly on” another element,
there are no intervening elements present.

Further, 1t will be understood that when an element such
as a layer, film, region, or substrate 1s referred to as being
“on” another element, 1t can be on an entire surface of the
other element or it can be on only a portion of the entire
surface of the other element. In contrast, when an element 1s
referred to as being “entirely on” another element, it 1s on the
entire surface of the other element and not on only a portion
of the entire surface of the other element.

FIG. 1 1s a schematic cross-sectional view of an exem-
plary solar cell. FIG. 2 1s an enlarged cross-sectional view of
a main part of the solar cell shown 1n FIG. 1. FIGS. 3 t0o 9
are cross-sectional views illustrating an exemplary method
for manufacturing the solar cell shown 1n FIG. 1.

The solar cell may include a substrate 110, an emuatter
layer 120, a first anti-reflection layer 130, a plurality of first
clectrodes 140, a back surface field (BSF) layer 150, a
second anti-reflection layer 160 and a plurality of second
clectrodes 170. The emitter layer 120 may be positioned at
one surface, for example, a front surface of the substrate 110.
The first anti-reflection layer 130 may be positioned on the
emitter layer 120. The plurality of first electrodes 140 may
be positioned on the emitter layer 120 where the first
anti-reflection layer 130 1s not positioned. The back surface
field (BSF) layer 150 may be positioned at a back surface of
the substrate 110. The second anti-reflection layer 160 may
be positioned on the back surface field layer 150. The
plurality of second electrodes 170 may be positioned on the
back surface field layer 150 where the second anti-reflection
layer 160 1s not positioned.

The substrate 110 may be formed of a silicon water of a
first conductive type, for example, n-type, though not
required. Silicon used 1n the substrate 110 may be crystalline
silicon, such as single crystal silicon and polycrystalline
silicon, or amorphous silicon. When the substrate 110 1s of
the n-type, the substrate 110 may contain impurities of a
group V element such as phosphorus (P), arsenic (As), and

antimony (Sb). The substrate 110 may have resistivity of
about 1 Q-cm” to about 10 Q-cm?.

Alternatively, the substrate 110 may be of a p-type and/or
may be formed of other semiconductor matenials other than
silicon. When the substrate 110 1s of the p-type, the substrate
110 may contain impurities of a group III element such as
boron (B), galllum (Ga), and indium (In).

The surface of the substrate 110 may be uniformly tex-
tured to form a textured surface corresponding to an uneven
surface or having uneven characteristics. More specifically,
the substrate 110 may have a first textured surface 111
corresponding to the front surface where the emitter layer
120 1s positioned and a second textured surface 113 corre-
sponding to the back surface where the back surface field
layer 150 1s positioned.
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The back surface field layer 150 may be formed at the
entire back surface, the entire side surface, and a portion of
the front surface (for example, an edge of the front surface)
of the substrate 110.

The back surface field layer 150 may be a region (for
example, n+-type region) that 1s more heavily doped than
other portions the substrate 110. The back surface field layer
may be doped with impurities of the same conductive type
as the substrate 110. The back surface field layer 150 may
have a surface resistivity of about 50 £2/sq to about 150
(2/sq.

The movement of holes to the back surface of the sub-
strate 110 may be prevented or reduced by a potential barrier
resulting from a difference between impurity concentrations
of the substrate 110 and the back surface field layer 150.
Hence, a recombination and/or a disappearance of electrons
and holes around the back surface of the substrate 110 may
be prevented or reduced.

Further, when the back surface field layer 150 1s formed
at the entire side surface and the edge of the front surface as
well as the entire back surface of the substrate 110, carriers
generated by light may be efliciently collected 1n an internal
clectric field.

The second electrodes 170 may be electrically and physi-
cally connected to a portion of the back surface field layer
150, and the second anti-reflection layer 160 may be posi-
tioned on the back surface field layer 150 where the second
clectrodes 170 are not positioned.

The second electrodes 170 may collect carriers (for
example, electrons) moving to the substrate 110 and output
the carriers to an external device. The second electrodes 170
may be formed of a conductive maternial. The conductive
material may be, for example, aluminum (Al), nickel (Ni),
copper (Cu), silver (Ag), tin (Sn), zinc (Zn), mndium (In),
titanium ('11), gold (Au), or a combination thereof.

In one exemplary embodiment of the invention, the sec-
ond electrodes 170 may be formed of Ag or a mixture
(AgAl) of Ag and Al. In another exemplary embodiment, the
second electrodes 170 may be formed of a plating layer
formed by plating a metal material. The plating layer may
include a metal seed layer formed of nickel silicide (for
example, N1,S1, N1S1, and Ni1S1,), a nickel diffusion barrier
layer, a copper layer, and a tin layer. Other layered or
non-layered structures may be used for the plating layer.

The second anti-reflection layer 160 reduces reflectance
of light incident through the back surface of the substrate
110 and may increase selectivity of a predetermined wave-
length band, thereby increasing the efliciency of the solar
cell. The second anti-retlection layer 160 may be formed on
the entire back surface of the substrate 110 except a forma-
tion area ol the second electrodes 170, the entire side
surface, and the edge of the front surface of the substrate
110.

According to the above-described structure of the solar
cell, the back surface field layer 150 and the second anti-
reflection layer 160 may be formed at the entire side surface
and the edge of the front surface of the substrate 110.

In one aspect, a width W of the second anti-reflection
layer 160 positioned at the edge of the front surface of the
substrate 110 may be equal to or less than about 1 mm.

In another aspect, a width of the back surface field layer
150 positioned at the edge of the front surface of the
substrate 110 may be equal to or less than the width W of the
second anti-reflection layer 160 positioned at the edge of the
front surface of the substrate 110.

In other words, as shown 1n FIG. 2, an end of the back
surface field layer 150 may protrude less than an end of the
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second anti-reflection layer 160. Alternatively, the end of the
back surface field layer 150 and the end of the second

anti-reflection layer 160 may be formed on the same line.
Thus, the back surface field layer 150 may be electrically
insulated from the emitter layer 120.

The second anti-reflection layer 160 may be formed of
silicon nitride (SiNx:H) having a refractive index of about
1.9 to about 2.3 and may have a thickness of about 50 nm
to about 300 nm.

The emitter layer 120 positioned at the front surface, first
textured surface 111, of the substrate 110 may be separated
and electrically insulated from the end of the back surface
field layer 150 positioned at the edge of the front surface of
the substrate 110. In this case, an end of the emitter layer 120
and the end of the second anti-reflection layer 160 may be
positioned on the same line.

The emitter layer 120 may be an impurity region of a
second conductive type (for example, p-type) opposite the
first conductive type (for example, n-type) of the substrate
110 and may form a p-n junction along with the substrate
110.

A plurality of electron-hole pairs produced by light 1nci-
dent on the substrate 110 may be separated into electrons and
holes by a built-in potential difference resulting from the p-n
junction between the substrate 110 and the emitter layer 120.
The separated electrons may move to the n-type semicon-
ductor, and the separated holes may move to the p-type
semiconductor. When the substrate 110 1s of the n-type and
the ematter layer 120 1s of the p-type, the separated electrons
and the separated holes may move to the substrate 110 and
the emitter layer 120, respectively. Accordingly, the elec-
trons may become major carriers in the substrate 110, and
the holes may become major carriers in the emitter layer
120.

When the emitter layer 120 1s of the p-type, the emitter
layer 120 may be formed by doping the substrate 110 with
impurities of a group III element such as B, Ga, and In. The
emitter layer 120 may have a surface resistivity of about 30
(2/sq to about 120 £/sq.

Alternatively, when the substrate 110 1s of the p-type, the
emitter layer 120 may be of the n-type. In this case, the
separated holes move to the substrate 110, and the separated
clectrons move to the emitter layer 120. When the emitter
layer 120 1s of the n-type, the emitter layer 120 may be
formed by doping the substrate 110 with impurities of a
group V element such as P, As, and Sb.

An end of the first anti-reflection layer 130 on the emitter
layer 120 may extend to an edge of the back surface of the
substrate 110. The first anti-reflection layer 130 may be
positioned at the edge of the back surface of the substrate
110 may have a width equal to or less than about 1 mm 1n
the same manner as the second anti-retlection layer 160.

Accordingly, the back surface field layer 150, the second
anti-reflection layer 160, and the first anti-reflection layer
130 may overlap one another at the edges of the front and
back surfaces of the substrate 110 as well as at the entire side
surface of the substrate 110.

Although 1t 1s not shown 1n detail, the first anti-reflection
layer 130 may be formed on the entire surface of the emitter
layer 120 except the edge of the front surface of the substrate
110, or may extend to the edge of the front surface of the
substrate 110.

The first anfti-reflection layer 130 serves as an anti-
reflection layer that reduces reflectance of light incident
through the front surface of the substrate 110 and may
increase selectivity of a predetermined wavelength band to
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thereby increase the efliciency of the solar cell. In addition,
the first anti-retlection layer 130 may serve as a passivation
layer.

The first anti-reflection layer 130 may have a double-
layered structure including an upper layer 131 and a lower
layer 133 between the emitter layer 120 and the upper layer

131.

The upper layer 131 may be formed of silicon nitride
(S1Nx:H), and the lower layer 133 may be formed of silicon
nitride (SiNx:H) and a material, for example, aluminum
oxide (AlOx) having a large absorption coeflicient or a large
bandgap. The lower layer 133 may have a refractive index
of about 1.55 to about 1.7 and a thickness equal to or less
than about 50 nm, and the upper layer 131 may have a
refractive index of about 1.9 to about 2.3 and a thickness of
about 50 nm to about 100 nm, so as to minimize the light
reflectance 1n the first anti-reflection layer 130.

The light reflectance 1n the first anti-reflection layer 130
may be minimized when the first anti-reflection layer 130
has the double-layered structure including the upper layer
131 formed of silicon nitride (S1Nx:H) and the lower layer
133 formed of aluminum oxide (AlOx) each of which being
within the above refractive index and thickness ranges.

Thermal oxide may be used for the lower layer 133,
instead of aluminum oxide (AlOx).

The plurality of first electrodes 140 may be positioned on
the emitter layer 120 at the front surface of the substrate 110
and may be electrically and physically connected to the
emitter layer 120. The first electrodes 140 may extend
substantially parallel to one another 1n a fixed direction. The
first electrodes 140 may have substantially the same width
and pitch as the second electrodes 170. The widths of the
first electrodes 140 may be less than the widths of the second
clectrodes 170.

The first electrodes 140 may collect carriers (for example,
holes) moving to the emitter layer 120. The first electrodes
140 may be formed of a conductive material, such as
aluminum (Al), nickel (N1), copper (Cu), silver (Ag), tin
(Sn), zinc (Zn), mdium (In), titantum (11), gold (Au), or a
combination thereof. The first electrodes 140 may be formed
in the same manner as the second electrodes 170. For
example, the first electrodes 140 may be formed of Ag or a
mixture (AgAl) of Ag and Al.

Alternatively, the first electrodes 140 may be formed of a
plating layer.

The solar cell having the above-described structure may
serve as a double-sided light receiving solar cell, and an
operation of the solar cell 1s described below.

When light irradiated onto the solar cell 1s incident on the
substrate 110 through the emitter layer 120 and/or the back
surface field layer 150, a plurality of electron-hole pairs are
generated 1n the substrate 110 by the light energy. In this
case, because the front surface and the back surface of the
substrate 110 may be the first textured surface 111 and the
second textured surface 113, respectively, the light reflec-
tance 1n each of the front surface and the back surface of the
substrate 110 may be reduced. Further, because both a light
incident operation and a light reflection operation may be
performed on each of the first and second textured surfaces
111 and 113 of the substrate 110, light may be confined 1n the
solar cell. Hence, light absorption may increase, and the
ciliciency of the solar cell may be improved. In addition,
because a retlection loss of the light incident on the substrate
110 may be reduced by the first anti-retlection layer 130
and/or the second anti-reflection layer 160, an amount of
light incident on the substrate 110 may further increase.
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The electron-hole pairs are separated into electrons and
holes by the p-n junction between the substrate 110 and the
emitter layer 120, and the separated holes move to the p-type
emitter layer 120 and the separated electrons move to the
n-type substrate 110. The holes moving to the emitter layer
120 move to the first electrodes 140, and the electrons
moving to the substrate 110 move to the second electrodes
170 through the back surface field layer 150. Accordingly,
when the first electrodes 140 of one solar cell are connected
to the second electrodes 170 of another solar cell adjacent to
the one solar cell using electric wires (not shown) such as
interconnectors, electric current flows through the solar cells
and allows use of the electric current for electric power.

The solar cell having the above-described configuration
may be used in a state where the solar cell 1s positioned
between a light transmission front substrate and a light
transmission back substrate and i1s sealed by a protective
layer.

An exemplary method for manufacturing the solar cell
having the above-described configuration 1s described below
with reference to FIGS. 3 to 9.

A substrate formed of a silicon wafer may be manufac-
tured by slicing a silicon block or an ingot using a blade or
a multi-wire saw.

More specifically, as shown 1n FIG. 3, a silicon waler may
be provided and then doped with impurities of a group V
clement, for example, phosphorus (P) to form a substrate
110 having resistivity of about 1 €-cm? to about 10 Q-cm?.

When the silicon block or the 1ngot is sliced, a mechanical
damage layer may be formed in the silicon wafer. Thus, a
wet etching process for removing the mechanical damage
layer may be performed, so as to prevent a reduction 1n
characteristics of the solar cell resulting from the mechanical
damage layer. An alkaline etchant or an acid etchant may be
used 1n the wet etching process.

After the mechanical damage layer 1s removed, the wet
ctching process or a dry plasma etching process may be
performed to form a first textured surface 111 in the front
surface of the substrate 110 and a second textured surface
113 1n the back surface of the substrate 110.

As shown 1n FIG. 4, after the first and second textured
surfaces 111 and 113 are formed, a back surtace field layer
150 may be formed at each of the front surface, the back
surface, and the side surface of the substrate 110 by doping
each of the front surface, the back surface, and the side
surface of the substrate 110 with impurities of a group V
clement.

As shown 1n FIG. §, a second anti-reflection layer 160
formed of silicon nitride (SiNx:H) may be formed at the
entire back surface, the entire side surface, and an edge of
the front surface of the substrate 110. The second anti-
reflection layer 160 may be formed by depositing silicon
nitride using a plasma enhanced chemical vapor deposition
(PECVD) method, a sputtering method, or other methods.
The second anti-reflection layer 160 may have a refractive
index of about 1.9 to about 2.3 and a thickness of about 50
nm to about 300 nm.

Subsequently, as shown 1n FIG. 6, an etched back process
using the second anti-reflection layer 160 as a mask may be
performed on the front surface of the substrate 110 to
remove the back surface field layer 150 formed at the front
surface of the substrate 110.

More specifically, the etched back process may be per-
formed so that an end of the back surface field layer 150
protrudes less than an end of the second anti-retlection layer
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160. Hence, electrical insulation between the back surface
field layer 150 and an emitter layer 120 may be imple-
mented.

As shown i FIG. 7, after the etched back process 1is
performed, the emitter layer 120 may be formed at the front
surface of the substrate 110 by doping the front surface of
the substrate 110 with impurities of a group III element.

In this case, the second anti-retlection layer 160 1s posi-
tioned at the edge of the front surface of the substrate 110,
and the second anti-reflection layer 160 may serve as an
impurity diffusion barrier layer during formation of the
emitter layer 120. Further, the emitter layer 120 may be
formed at the first textured surface 111 which 1s not covered
by the second anti-reflection layer 160 and thus may be
clectrically insulated from the back surface field layer 150.

Subsequently, a natural oxide layer may be removed by
ctching the substrate 110 using hydrofluoric acid (HF), and
the first anti-reflection layer 130 may be formed on the
emitter layer 120.

As shown 1n FIG. 8, the first anti-retlection layer 130 may
be formed by sequentially stacking the lower layer 133 and
the lower layer 131.

The lower layer 133 may serve as a passivation layer as
well as an anti-reflection layer. The lower layer 133 may be
formed by depositing aluminum oxide using the PECVD
method, the sputtering method, or other methods. The lower
layer 133 may have a refractive index of about 1.55 to about
1.7 and a thickness equal to or less than about 50 nm.
Alternatively, the lower layer 133 may be formed using
thermal oxide.

The upper layer 131 may be formed by deposing silicon
nitride using the PECVD method, the sputtering method, or
other methods. The upper layer 131 may have a refractive
index of about 1.9 to about 2.3 and a thickness of about 50
nm to about 100 nm.

As shown 1n FIG. 8, the first anti-retlection layer 130 may
extend to the edge of the back surface of the substrate 110.
Alternatively, the first anti-reflection layer 130 may be
formed only on the emitter layer 120 or may extend to the
edge of the front surface of the substrate 110.

According to the above-described manufacturing method,
the back surface field layer 150, the second anti-reflection
layer 160, and the first anti-reflection layer 130 may be
positioned at the edge of the front surface of the substrate
110, the side surface of the substrate 110, and the edge of the
back surface of the substrate 110.

Next, as shown 1n FIG. 9, a first conductive paste 141 may
be printed on the front surface of the substrate 110 with a
first electrode pattern, and a second conductive paste 171
may be printed on the back surface of the substrate 110 with
a second electrode pattern. The first conductive paste 141
and the second conductive paste 171 may be fired.

The first conductive paste 141 may be a conductive
material obtained by mixing a mixture (AgAl) of silver (Ag)
and aluminum (Al) with a glass fit, and the second conduc-
tive paste 171 may be a conductive maternial obtained by
mixing silver (Ag) with the glass fit. Alternatively, the
conductive material contained 1n each of the first conductive
paste 141 and the second conductive paste 171 may be at
least one material selected from the group consisting of
nickel (Ni1), copper (Cu), tin (Sn), zinc (Zn), indium (In),
titantum (T11), gold (Au), and a combination thereof, other
than the above matenals.

When the first conductive paste 141 and the second
conductive paste 171 are fired, a punch through operation 1s
generated because of lead (Pb) contained in the glass int.
Thus, first electrodes 140 electrically and physically con-
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nected to the emitter layer 120 may be formed, and second
clectrodes 170 electrically and physically connected to the
back surface field layer 150 may be formed.

Although 1t 1s not shown, the first electrodes 140 and the
second electrodes 170 may be formed using a plating layer.
In this case, a contact line may be formed on each of the first
anti-reflection layer 130 and the second anti-reflection layer
160, and the plating layer may be formed on each of the
emitter layer 120 and the back surface field layer 150
exposed through the contact lines. Hence, the first electrodes
140 and the second electrodes 170 may be formed.

The plating layer may include a metal seed layer formed
of nickel silicide (for example, Ni,S1, Ni1S1, and Ni1S1,), a
nickel diffusion barrier layer, a copper layer, and a tin layer.
Other layered or non-layered structures may be used for the
plating layer.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled 1n the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible 1 the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addi-
tion to variations and modifications i the component parts
and/or arrangements, alternative uses will also be apparent
to those skilled in the art.

What 1s claimed 1s:

1. A solar cell, comprising:

a substrate doped with impurities having a first conductive
type and a first doping concentration, the substrate
having a front textured surface, a back textured surface,
and side surfaces;

a back surface field layer doped with impurities having
the first conductive type and a second doping concen-
tration higher than the first doping concentration;

an emitter layer doped with impurities having a second
conductive type opposite the first conductive type, the
emitter layer diffused 1n the front textured surface of the
substrate;

the substrate including a separation region formed
between the emitter layer and the back surface field
layer,

the emitter layer selectively formed only inwardly spaced
a predetermined distance from edges of the front tex-
tured surface of the substrate to form edge regions
between the emitter layer and an edge of the front
textured surface of the substrate,

the back surface field layer formed on the back textured
surface, the side surfaces, and the edge regions of the
front textured surface including a portion of the edge
regions so as not to overlap with the emitter layer,
thereby the separation region formed in the edge
regions of the front textured surface of the substrate;

a front anti-reflection layer on the emitter layer;

a plurality of first electrodes electrically connected to the
emitter layer through a plurality of through holes
formed at the front anti-reflection layer;

a back anti-reflection layer on the back surface field layer
including at the back surface field layer on the portion
of the edge regions; and

a plurality of second electrodes electrically connected to
the back surface field layer through a plurality of
through holes formed at the back anti-reflection layer,
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wherein the front anti-retlection layer includes a first
portion and a second portion on the edge regions,

wherein the first portion of the anti-retlection layer abuts
the back surface field layer and the back anti-reflection
layer on the portion of the edge regions, and

wherein the first portion and the second portion of the

front antiretlection layer are formed continuously to
cover the back surface field layer and the back anti-
reflection layer on the portion of the edge regions and
a remaining portion of the edge regions.

2. The solar cell of claim 1, wherein the back anti-
reflection layer extends a distance over the edge regions of
the front textured surface of the substrate of equal to or less
than 1 mm.

3. The solar cell of claim 2, wherein the back anti-
reflection layer extends a distance over the edge regions of
the front textured surface of the substrate at least as much as
a distance the back surface field layer extends over the edge
regions of the front textured surface of the substrate.

4. The solar cell of claim 3, wherein the edge regions of
the front textured surface of the substrate 1s not covered by
the emitter layer.

5. The solar cell of claim 4, wherein the distance the back
surface field layer extends over the edge regions of the front
textured surface of the substrate 1s less than a width of the
edge regions of the front textured surface of the substrate
that 1s not covered by the emitter layer.

6. The solar cell of claim 5, wherein the distance the back
anti-reflection layer extends over the edge regions of the
front textured surface of the substrate 1s equal to the width
of the edge regions of the front textured surface of the
substrate that 1s not covered by the emitter layer.

7. The solar cell of claim 1, wherein the front anti-
reflection layer extends a distance over the edge regions of
the back textured surface of the substrate of equal to or less
than 1 mm.

8. The solar cell of claim 1, wherein the front textured
surface and the back textured surface of the substrate have
a plurality of uneven portions.

9. The solar cell of claim 1, wherein the front anti-
reflection layer includes:

an upper layer; and

a lower layer between the emitter layer and the upper

layer.

10. The solar cell of claim 9, wherein the lower layer
includes an aluminum oxide layer or a thermal oxide layer,
and wherein the upper layer includes a silicon nitride layer.

11. The solar cell of claiam 9, wherein the back anti-
reflection layer includes a silicon nitride layer, and

wherein the back anti-reflection layer and the upper and

lower layers of the front anti-reflection layer overlap
cach other at the edge regions of the front textured

surface of the substrate.

12. The solar cell of claiam 1, wherein the back anti-
reflection layer fully covers an outside surface of the back
surface field layer on the back textured surface, the side
surfaces and edge regions of the front textured surface of the
substrate.

13. The solar cell of claim 1, wherein the front anti-
reflection layer fully covers an outside surface of the emaitter
layer.
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